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Abstract  
A new pulse forming network (PFN) for klystron modulator has been designed and tested at Plasma and Beam Physics Research 
Facility (PBP), Chiang Mai University. The PFN consists of six capacitor and inductor sections. The output waveform of the 
PFN has pulse width of 3.2 Ps and a flat-top of 2.0 Ps with ripple less than ± 2.0%. In this paper discusses the design, simulation 
and low power test results of the PFN. 
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1. Introduction 
       A linac-based THz facility has been established at the Plasma and Beam Physics Research Facility (PBP), 
Chiang Mai University. Femtosecond electron bunches can be generated from a system consisting of a thermionic 
cathode RF-gun, an alpha-magnet as a magnetic bunch compressor and a linear accelerator (linac) as a post 
acceleration section [1-3]. These short electron bunches can be used to produce high intensity THz radiation in the 
form of coherent transition radiation. 
        To accelerate the electron beam, the system requires high power RF from klystrons to drive RF gun and linac. 
The klystrons require low level RF and high voltage pulse from modulator for high power RF generation. The 
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klystron modulators at Chiang Mai University are line type modulator and have main components consisting of 
charging system, PFN, pulse transformer and thyratron switch as shown in Fig. 1(a). For the RF gun, the current 
modulator shown in Fig. 1(b) was the modulator of 20 MV Mitsubishi linac for cancer therapy from Maharaj 
hospital, Chiang Mai. The PFN is designed to achieve RF macro pulse of 8 Ps using 8 LC sections and the 
capacitors have nominal capacitance of 54 nF. However, the thermionic RF-gun at PBP facility requires RF pulse 
width less than 4 Ps due to the back bombardment issue. Consequently, the PFN of this modulator uses only 3 LC 
sections to generate 3.2 Ps pulse width which pulse has a ripple of ± 3% and pulse rise time and fall time of 0.8 Ps 
and 2.5 Ps respectively. Figure 2(a) and (b) show the RF pulse characteristic of current modulator. To achieve the 
longer pulse flat-top with smaller pulse ripple and shorter pulse rise and fall time, the PFN requires larger number of 
LC sections but the capacitors should have smaller capacitance. In this paper will describe design and test of PFN 
using 6 of 32 nF capacitor to improve pulse flat-top, pulse ripple, pulse rise and fall time of high voltage pulse. 
These 6 capacitors are part of PFN of 4 MV Mitsubishi linac modulator from Maharaj hospital as well. 
 
  
        (a)       (b) 
Fig. 1. (a) Pulse modulator diagram; (b) Pulse modulator for RF gun at Chiang Mai University 
 
        
        (a)       (b) 
Fig. 2. (a) Incident RF power for RF-gun and (b) RF power ripple. 
 
2. Pulse forming network 
     The PFN is a main component of line type modulator which is simple in design but have inherent ripple on the 
flat top due to finite number of LC sections. However, flat top ripple can be reduces by employing larger number of 
LC sections [1]. The high voltage pulse with optimum pulse ripple from the PFN is one of combinations which help 
to achieve high power RF pulse with optimum pulse ripple. At PBP, the PFN consists of cascade low pass LC filter 
as shown in Fig. 3. This type of LC network has pulse width W described by [4] 
 
LCs  ][PW       (1) 
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where L is inductance [PH] and C is capacitance [PF]. The characteristic impedance z[:] is given by [4] 
 
C
LZ  .      (2) 
 
Since the characteristic impedance of current PFN is 7.5 :[5], the theoretical calculation for 32 nF capacitor 
shows that the inductance is 1.8 PH and the pulse width is 2.4 Ps. The new design will consists of 6 LC sections due 
to 6 capacitors available. The characteristics of high voltage pulse from simulations including pulse rise and fall 
time, pulse ripple and pulse width will described in next section. 
 
Fig. 3. Type B PFN. 
3. Simulations 
The PFN simulations were performed using VINPFN 1.0 [6] simulation code. The VINPFN 1.0 is free and 
simple simulation program. The program requires identical capacitors as well as inductors. The 6 LC sections were 
used in the simulations with the charging voltage of 24 kV. The simulation results with difference inductors for load 
resistance of 7.5 : are shown in Fig. 4(a). If the PFN impedance matches to the load resistance, the voltage pulse at 
the load resistance is a half of the charging voltage. According to Fig. 4(a), shorter pulse width can be generated 
from low inductance but the PFN impedance doesn’t match to load resistance. The simulation show that the PFN 
impedance of 7.5 : requires 1.8 PH inductors for 32.0 nF capacitors and this result is correspond to the theoretical 
calculation. The simulations results show that the PFN waveform has pulse width of 3.0 Ps and the flat-top ripple of 
less than ± 1.2%. The pulse rise time and fall time are 0.4 Ps and 0.9 Ps respectively. The characteristics of high 




Fig.4. Simulated PFN waveform  (a) various inductances 
 J. Saisut /  Energy Procedia  89 ( 2016 )  104 – 109 107
 
                   (b)            (c) 
Fig.4. (cont.) Simulated PFN waveform for (b) 1.8 PH inductor and (c) pulse ripple for 1.8 PH inductor. 
4. Low power test 
The 12 turn solenoids were wound with a diameter of 8 cm and length of 20 cm. Each of solenoid has tuning tab. 
The inductance of each solenoid was measured and tuned to have the inductance about 1.8 PH due to calculation 
and simulation results. The 6 solenoids are connected to 6 capacitors which have nominal value of 32.0 nF and rated 
voltage of 40 kV shown in Fig. 5. 
 
Fig.5.  6 LC sections PFN. 
The PFN was tested and systematically tuned to achieve the best pulse shape in term of flat-top ripple 
requirement. The PFN test is performed using IRF540 as a switch. The test diagram is shown in Fig. 6(a). The 
output pulse waveform was obtained for a charging voltage from 0 to 25 V. Since the PFN is tested into a resistive 
load, the flat top does not change with operating voltage as shown in Fig. 6(b). Figure 7(a) indicate the output 
waveform which has a pulse width of 3.2 Ps with the rise time of 0.3 Ps and fall time of 1.2 Ps. The pulse has a flat-
top of 2.0 Ps with a ripple of less than ± 2% as shown in Fig. 7(b). 
 
(a)                                                                                                                   (b)         
Fig. 6. (a) Low power test diagram of PFN; (b) PFN waveforms of various charging voltage. 
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(a)                                                                                                         (b)         
Fig. 7. Measured PFN (a) output waveform and (b) pulse ripple for charging voltage of 25 V. 
Figure 8 is a comparison of pulse between simulation and measurement for charging voltage of 25V. The pulse 
rise time and flat-top length of both case are good agree but the measurement one have longer fall time than the 
experiment. Since capacitors are not identical, the inductors have to be tuned for the optimum pulse ripple. 
Consequently, the last inductor has the highest inductance and cause the longer tail as shown in Fig. 8. For B type 
PFN in VINPFN program, the capacitors can’t tune separately as well as inductor and it can obviously see 
difference between the simulation and measurement results.  
 
 
Fig. 8. Wave form comparison between simulation and measurement for charging voltage of 25 V. 
5. Conclusion 
The PFN has been designed and constructed for the klystron modulator of RF gun at Chiang Mai University. The 
low power test results show that the PFN can produces 3.2 Ps pulse with the rise time of 0.3 Ps and fall time of 1.2 
Ps. The pulse has a flat-top of 2.0 Ps with a ripple of less than ± 2%. The future work will focus on high voltage and 
high RF power test. 
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